Turkey lactobacilli (51 and 34%) colonization was statistically lower (p = 0.012, p = 0.010) in the CD group; the DMFS and dfs values were similar in both groups. Conclusion: CD appeared to be associated with a significantly higher prevalence of developing enamel defects and RAS, but a lower prevalence of salivary mutans streptococci and lactobacilli colonization, and the diagnosis of these oral manifestations might be helpful for an early diagnosis of CD.
reduced bone mineral density. There is pathology of the mucous membrane of the small intestine, and the exact diagnosis can be verified by biopsy [2] . The only treatment of CD is strict and lifelong adherence to a glutenfree diet (GFD), which usually results in remission [3] .
The prevalence of CD in Europe and the USA in children between 2.5 and 15 years of age is approximately 1: 300 to 1: 80 [4] . In Turkey, there are limited studies about the prevalence of CD, but the prevalence in Turkish children ranges from 1 to 8.3% [5] [6] [7] .
CD also presents oral manifestations, which are dental enamel defects and recurrent aphthous stomatitis (RAS) [3, [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] . The existence of an association between CD and dental enamel defects has been reported and the enamel defects have been attributed to hypocalcemia or a particular genetic condition that leads to a specific immune response to gluten [9] .
Therefore, the objectives of this study were to investigate the prevalence of dental enamel defects, RAS, and caries experience, and to measure salivary flow rate, buffer capacity, saliva and plaque pH, and salivary cariogenic microflora in CD and in healthy subjects.
Subjects and Methods
The study was approved by the Ethics Committee of Ege University, Bornova-Izmir, Turkey. Letters were sent to each individual or parent explaining the study to them. A total of 35 patients, 19 females and 16 males aged 6-19 years with a diagnosis of CD of 2 years' duration, confirmed by intestinal biopsy, were recruited for the study. Patients with CD had regular appointments at the Department of Pediatric Gastroenterology, Hepatology and Nutrition, Ege University and their response to GFD was checked at each appointment by a gastroenterologist. The same examiner (S.A.) examined all 35 patients. Another 35 subjects of the same age and social background who attended the Well Child Care Outpatient Clinic at Ege University, Faculty of Medicine for their regular checkup were recruited to a control group.
A questionnaire exploring additional systemic disease, medication, use of fluoride, oral hygiene habits, diet and the frequency of dental appointments was completed by all participants or their parents. The oral examination was carried out with a mouth mirror and probe under artificial light in the clinic using World Health Organization criteria (dfs and DMFS indices) [20] . The dental enamel defects were recorded according to Aine's classification [21] . Dental examination was performed by 1 examiner (S.A.). Before the examination of enamel defects and caries, the teeth were brushed with a prophylaxis paste, then washed, dried and the affected permanent teeth were observed.
The soft tissues were examined for the diagnosis of RAS and patients also were questioned about the recurrence of oral ulcers by the same examiner.
The analysis of saliva included the stimulated salivary flow rate, buffer capacity, saliva and plaque pH, salivary mutans streptococci and lactobacilli counts. Participants chewed paraffin wax for 30 s for saliva stimulation based on the manufacturer's instructions (GC Corp., Japan) before saliva was collected. Salivary flow rate was recorded after a 5-min collection period by using a Saliva Check Buffer (GC Corp.; ! 3.5 ml was very low, 3.5-5 ml was low, 1 5 ml was normal). Buffering capacity was also recorded by using a Saliva Check Buffer. Using a pipette, sufficient saliva was drawn from the collection cup and dropped onto the test pads. Buffering capacity was grouped according to the change in colour of the test pads supplied by the manufacturer (0-5 points: very low, 6-9 points: low, and 10-12 points: normal/high). The measurement of salivary pH was carried out with a pH test strip placed into the saliva sample for 10 s. The change in the colour of the strip was compared with the testing chart in the package.
Plaque pH was recorded using the Plaque Indicator Kit's (GC Corp.) scale. Plaque was harvested from interproximal sites in the molar area by using the disposable plaque collection instrument. The plaque indicator solution was dispensed into the disposable dish and the instrument with attached plaque was dipped into the dish for 1 s. The surface of the plaque turned green. Then the sample was left to ferment for 5 min. The plaque samples changed color over time. The greatest acid production occurred at 5 min, thus the pH value was measured over 5 min by checking the color and comparing it with the chart on the dispensing dish.
Salivary mutans streptococci and lactobacilli were counted by CRT Bacteria (Ivoclar-Vivadent, Liechtenstein). After removing the agar carrier from the plastic test vial, a sodium bicarbonate (NaHCO 3 ) tablet was placed at the bottom of the vial. The protective foils were removed from the two agar surfaces and the collected saliva samples were transferred to the test vial by a pipette from the test kit and spread on both sides of plastic vial. The agar carrier was inserted back into the vial and the vial was closed. The test vial was placed upright in the incubator, and incubated at 37 ° C for 48 h. After the removal of the vial from the incubator, the colonies of mutans streptococci and lactobacilli were recorded according to the model chart given by the manufacturer.
Statistical Analysis
Data were analyzed by SPSS version 17 for Windows (SPSS, Chicago, Ill., USA); 2 test and Fisher's exact test were used to assess statistical differences between categorical variables. MannWhitney U test was used to determine significant differences between celiac patients and the control groups.
Results

Dental Enamel Defects
Enamel defects were observed in 14 (40%) patients with CD. Of these 14, 12 (85.7%) had defects of grade 1, and 2 (14.3%) patients of grade 2 ( fig. 1 ), while 21 of the CD patients did not have any defect. None of the subjects in the healthy group had enamel defects. This finding showed that the dental enamel defects occurred significantly (p ! 0.05) more often in CD patients.
Recurrent Aphthous Stomatitis
Thirteen (37.1%) of the CD patients had aphthous ulcers compared to 4 (11.4%) in the control group. RAS was observed to be statistically (0.012) higher in patients with CD (p = 0.012, table 1 ).
Caries Experience
The mean DMFS ( 8 SD) and dfs ( 8 SD) values were 2.74 8 5.7 and 2.60 8 5.3, respectively, in patients with CD and in the control group. The differences were not statistically significant (p DMFS = 0.903; p dfs = 0.689).
Saliva Analysis
The salivary pH, plaque pH, salivary flow rate and buffering capacity are given in table 1 . In the CD group, 12 children (34.3%) were found to have normal stimulated salivary flow rate, whereas 19 children (54.3%) had normal rate in the healthy group ( table 1 ) . Healthy children had normal buffering capacities and the difference was not statistically significant (p = 0.494). Similarly, plaque pH was also similar in both groups (6.2 in the CD group and 6.1 in the healthy group).
Prevalence of Salivary Mutans Streptococci and Lactobacilli
Salivary mutans streptococci were low ( ! 10 5 mutans streptococci CFU/ml) in 17 (48.65%) of the 35 patients with CD and in 5 (14%) children in the control group, and the difference was statistically significant (p ! 0.05, fig. 2 ). Eighteen (51.4%) children with CD and 12 (34.3%) controls had ! 10 5 lactobacillus CFU/ml in saliva ( fig. 3 ).
Oral Hygiene
Use of fluoride and the frequency of dental appointments were the same for both groups. Visible plaque was observed in 25 (71.4%) CD patients and 18 (51.4%) healthy children, and the difference was not statistically different (p = 0.76).
Sugar Intake
Based on CAT, no difference was found in the mean number of sugar exposures per day between CD and healthy groups (p = 0.125). For sugar intake, 19 (54.3%) patients with CD and 16 (45.7%) healthy children consumed sugar 1-2 times/day.
Discussion
The higher prevalence of specific enamel defects in CD patients than in controls in this study is similar to the findings of previous studies [8, 9, 21, 22] . The etiology of dental enamel defects associated with CD is still uncertain. There are some hypotheses about the mechanism of enamel defects. One probable cause is hypocalcemia due to malabsorption during dental development because of low serum calcium concentration during enamel formation [23] . The malabsorption occurs due to intestinal damage in CD thereby leading to enamel hypoplasias resulting in hypocalcemia [24] . However, because some investigators [9, 11, 25] did not find any statistically significant difference in the mean serum calcium concentra- tion between children with CD with and without enamel defects, they suggested that malabsorption could not be the cause of dental enamel defects [9, 11, 25] . In addition, Rasmusson and Eriksson [26] reported that CD did not have any significant influence on the mineralization of permanent teeth because the crowns of the deciduous and permanent teeth develop from 6 months to 7 years of life (except third molars), nutritional, immunological and genetic factors could be the possible cause of developmental defects in the enamel [25] . It has been reported that a specific antigen, human leukocyte antigen (HLA), alleles DR3 and DQ2, is strongly associated with dental defects in CD patients including their healthy first-degree relatives [10] [11] [12] 25] . The age at diagnosis of CD plays an important role in the occurrence of enamel defects. In our study, CD patients with dental enamel defects showed higher mean age of diagnosis of CD in comparison with the studies by Bucci et al. [8] and Hill et al. [4] . The mean age of diagnosis was 9.5 years in CD patients with enamel defects, and the CD patients without enamel defects had their diagnosis at the age of 7.8 years. Aguirre et al. [10] reported that early diagnosis of CD may account for the lower prevalence of enamel defects.
RAS was the other most common oral manifestation in our study, similar to previous reports [14, 15, 17, 19] ; its etiology is not known exactly. Genetic, immunological and microbial factors may play a role in the occurrence of RAS. Also local trauma, stress, food intake, some drugs, hormonal changes or vitamin and trace element deficiencies could play a role [27] . However, some studies reported nonsignificant differences in RAS in CD patients versus controls [8, 16] .
The effect of GFD on the remission of RAS is still uncertain, but dietary withdrawal of gluten occasionally results in significant benefit. It was reported that CD patients with RAS showed a significant improvement in their aphthous lesions after GFD [8, 17, 27] . On the other hand, Hunter et al. [28] examined the effects of GFD in patients with RAS and without CD and found no statistical significance between the study group with GFD and the control groups. Our findings are in agreement with most studies. RAS was seen mostly in CD patients; it can be a risk indicator and an oral manifestation of CD, but in our study we did not examine the effect of GFD on the remission of RAS.
In the present study the mean DMF and df index rates were similar in both groups to the values reported by other studies [9, 10, 29] . In addition, in some studies [10, 30] , lower caries prevalence was reported in CD patients. It was suggested that this nonsignificant caries experience could be due to carefully controlled diets in patients with CD, and thus they may have a low cariogenic diet and better dental care. Saliva parameters, including salivary flow rate, buffering capacity, saliva and plaque pH, were also similar in both groups. However, the cariogenic microflora, levels of salivary mutans streptococci and lactobacilli, were found to be significantly lower in CD patients than in the healthy group, which could be due to their low cariogenic diets. Although no previous studies are available for comparison with our study, it could be suggested that the low cariogenic diet may affect the cariogenic microflora.
Conclusion
CD in children and young people was associated with a significantly higher prevalence of developmental enamel defects and RAS, and the diagnosis of these oral manifestations might be helpful for an early diagnosis of CD.
